Summary. A double-antibody heterologous radioimmunoassay (RIA) 
Introduction
The hedgehog (Erinaceus europaeus) is a hibernating mammal widely distributed in Europe. In the male, the reproductive cycle is well known and characterized by a resting period in autumn, a resurgence of testicular activity during the last part of the hibernation period (January-February), a period of maximum activity from mid-winter to mid-summer which corresponds to the repro¬ ductive season, and involution beginning at the end of summer (Saboureau & Dutourné, 1981; Saboureau & Boissin, 1983) . The most detailed studies to date concerning this reproductive cycle have been limited to morphological or histological changes of the testes and testicular features (Courrier, 1927; Allanson, 1934; Saboureau & Dutourné, 1981; Dutourné & Saboureau, 1983) or assays of gonadal steroids (Saboureau & Boissin, 1978 . In this species, except for few studies on the cellular and histological aspects of the adenohypophysis (Girod & Curé, 1965; Girod et al, 1966; Girod, 1971) nothing is known about the neuroendocrine mechanisms and pituitary hormone patterns regulating the seasonal reproductive cycle. (Saboureau, 1981) . Owing to the fact that testes are in an intra-abdominal position in the hedgehog this procedure avoids injury due to laparotomy.
Hormone assays
Testosterone. Plasma testosterone concentrations were measured by a radioimmunoassay method without chromatography as described by Saboureau & Duturné (1981 
Results

Daily variations
The daily patterns of plasma LH obtained monthly, during 1 year, are shown in Fig. 2 . During the year, the amplitude of plasma LH changes was low (minimum values about 0-25 ng/ml; (Fig. 4) . Mean As for LH, the 24-h means of plasma testosterone also showed a clear seasonal pattern (Fig. 4) . Mean concentrations were maximum in February (12-52 + 1 · 19 ng/ml)-March (16-47 + 1-07 ng/ ml), decreased significantly in April (6-40 + 0-63 ng/ml; March vs April: < 001) and stayed at an intermediate level until July (4-59 ± 0-84 ng/ml). Mean testosterone concentrations decreased rapidly in summer and were minimal from August to November (< 1 ng/ml). An increase in testo¬ sterone occurred in December (3-24 + 0-65 ng/ml) and the concentrations in February (II -28 + 1 -63 ng/ml) were similar to those observed the year before.
In the same group of animals sampled twice a month, during 1-5 years. The seasonal changes of plasma LH, plasma testosterone and of testicular volume, in 6 animals studied from December 1985 to June 1987, in relation to the changes of daylength and environmental temperatures, are presented in Fig. 5 (Sharma et al, 1978; Su et al, 1980; Mann et al, 1982; Maurel et al, 1984; Schneyer et al, 1985) .
In the hedgehog, the amplitude of plasma LH changes was low and similar to that observed in various other species (white- The 24-h plasma testosterone changes also showed variations of large amplitude at the end of winter during the period of maximal sexual activity. Then, from April to July a regular decrease of testosterone was observed during the night. This decrease occurred during the activity phase of the hedgehog which is a nocturnal mammal (Saboureau et al, 1979) .
In the hedgehog, the seasonal profiles of LH and testosterone were quite parallel during the year. Such seasonal variations of LH in relation to the reproductive cycle have been documented previously for many domestic or wild mammalian species subjected to annual environmental fluctuations (ram: Schanbacher & Ford, 1976; Lincoln & Davidson, 1977; Pelletier et al, 1982;  pygmy goat: Muduuli et al, 1979; mongoose: Soares & Hoffman, 1982a, b; roe deer: Sempéré & Lacroix, 1982; fox and badger: Maurel et al, 1984) . The seasonal variations of LH obtained from 24-h mean plasma LH values from different groups of animals sampled each month and those from the same group of animals sampled regularly twice a month during the year were similar despite limitations inherent in measuring hormone concentrations at different sampling intervals. The only difference observed between the two experiments was the lower levels of LH measured in the second experiment when pituitary gonadotrophic activity was higher. In this second experiment, in addition to the single blood sample, the method of sampling under anaesthesia must be taken into account because halothane has been shown to reduce LH secretion (Clarke & Doughton, 1983) . Nevertheless, according to the large variations of gonadal activity in the hedgehog, throughout the year (Saboureau & Boissin, 1978; Saboureau & Dutourné, 1981) (Berkowitz & Heindel, 1984) . The annual minimum plasma LH concentration observed in autumn during the first part of hibernation is in agreement with histological studies on pituitary gonado¬ trophic activity in the hedgehog (Girod & Curé, 1965) . Similar low LH values were also described for two species of golden-mantled ground squirrel (Licht et al, 1982; Barnes, 1986) during the hibernation season. In the present study, although our purpose was not to demonstrate a relation¬ ship between body temperature and LH or testosterone secretion during the hibernation season as described in golden-mantled ground squirrels (Barnes, 1986) , we did observe, during the end of hibernation (from December), several torpid animals with elevated plasma testosterone concen¬ trations (Saboureau, 1986; El Omari, 1987) . Nevertheless, in the hedgehog, a relationship between body temperature, gonadotrophin secretion and testicular endocrine responsiveness must be considered, taking into account the alternation of torpor bouts and periodic arousals in animals studied individually during the hibernation season.
At the end of the breeding season (in August), LH always decreased after testosterone, and this relationship may be due to a decrease of Leydig cell sensitivity to LH. This phenomenon may be related to internal factors involved in preparation for hibernation. At the end of summer, tempera¬ tures are still high but photoperiod, which decreases rapidly, may be involved because gonadal activity ceased rapidly in male hedgehogs exposed after the summer solstice to short artificial photoperiods « 12 h light) or 24 h darkness (Saboureau, 1981 (Saboureau, , 1986 .
At the end of autumn and the start of winter the effect of negative steroid feed-back or photo¬ period seems to be reduced or eliminated, as increased LH secretion occurs, despite the attendant rise in plasma androgen concentrations and non-stimulatory photoperiod. Comparable results were observed in hibernating rodents (Ellis et al, 1979; Licht et al, 1982; Zucker & Licht, 1983; Barnes, 1986) . This result may also be compared to the sudden surge of gonadotrophins seen during spontaneous testicular redevelopment in the golden hamster (Matt & Stetson, 1979) .
From these preliminary results it seems that the seasonal cycle of LH in the hedgehog could be regulated by several different mechanisms. Among them (1) endogenous changes in the activity of the hypothalamo-hypophysial system or (2) changes in the sensitivity of the hypothalamohypophysial axis to internal (steroid feed-back) or external (e.g. photoperiod, temperature) factors may be involved.
